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THERAPEUTIC MICROEMULSIONS 



FIELD OP THE H^ATENTION 
This invention rdaiBf 10 phannaeeurictl composm 

(wA») self-emnlsifying miooeroulsions. processes for their preparation and their use. 
BACKGROUND OF THE INVENTION 

MIcitjemuIsions can be defined in general as thennodynanacdly stable, iso^ 
clear di^wrsions of two hnniscible liquids stabilized by intetfadal fifans of surface- 
active molecules. The formation of mioDemalsions usually involves a mm hitMnjon 

<rf three » five components, namdy, an oil, water, a surfBctant, a conafactam and an 
electrolyte. TTje tendency to form either a water-inH)U (w/o) or an oU-in-water (o/w) 

mieroemulsion is inflnenced by d>e properties of d« oU and the suiftctint 
Suifactanis are convenienUy classified on an empirical scale known u die 
hydrophiHc-lipophilic balance (HLB) which runs from 1 n 20. In general, (wA>) 
microemnlsions are fanned using surfactants (or emdsifiers) which have an HLB 
value in the range of about 3 to 6 whilst (o/w) micreemulsions aie fimned using 
20 swfactants which have an HLB value in die range ofabout 8 to 18. It has long been 
recognized that low inieifacial tension contributes lo the tfiennodynamic stahi^ 
mieroemulsions. To achieve diis. die surfactant should preferably exhibit low 

solubility in bodi die oa and vwttr phases, and be preferendaUy absorbed at the 
water-oil imaface widi concomitant loweiing of inteifacial tension. When inietftdal 
25 tension is less dian 2 x 10-2dyn/cm, a stable microemulsion can fonn. General 
reviews of mieroemulsions are i»ovided by Bhargava a aL, Pharm. Tech., 46-53, 
March 1987 and Kahlweit. Science, 240, 617-621, 1988. 



15 



30 



35 



Ntooemnlsions are typically subsiandally non-opaque, dm is diey are tnnspaient or 
qnlescent when viewed by opdcal microscopic means. In die undisturbed saue. diey 
are optically isotropic (non-biiefringem) when examined under polarized UghL TTie 
dispersed phase typically compiises parddes or droplets which are nonnaUy between 
5 and 200 nm in size and dus gives rise to tfie» optical transparency. These particles 
may be spherical aldmngh odier stiucnoes are feasible. 

The role of die oosurfactant, usually a shoR-chain alcohd. is to inaease die 
inieiftdal fiuidity by penetrating die sntfKtant fibn and coosequendy aeating a 
disordered film due to die void space among surfiictam molecules. Thenseofa 
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coftuiljuiiu in mkroemalnans is however optional and alcohol-free self-emolsifying 
emnlnooi and mianei n nI«ioni have been described in the litennire (see for instance, 
Pootnn et aU Int Journal of Phannaceutics, 27, 335-348, 1985 and Osborne £rii/^ J. 
Diip. ficL TedL, 9, 415-423. 1988). ^ 

There are many advantages to tte osc of a miooeniulsion over a coovean^ 
craalsicm(ormacroeranl$ion)fordnigttanjpon(dcHv^ Mtcroemulsions fonn 
spauaneously. without die need for a high input of energy and are therefore easy to 
prepare and scale up fa- coramereial ^plicadons; tficy have Ujennodynamic stability 
due to their small pardde size and therefore have a long shelf life; tficy have an 
isociopically clear appearance so diat dicy nwy be nwjnitored by s^ 
they have a relatively low viscosity and are therefore easy to tianspan and mix; they 
have a large interfadal area whidi aooekrates surface rea^ 

interfacial tension which permits flexible and high penetrating power and, lastiy. tfiey 
1 5 offer die possibiHty of improved drug solulnlization and protection against en^rmatic 
hydrolysis. In addition, miaoemulsions ihay undergo phase invcriioo upon addition 
of an excess of the dispersed phase or in response to a tcmpcraaire change and th^ 
a ptopeny of diese systems diat can affca drag release fiorn'microeroQlsions bodi in 

vitro nod in vivo. The reasons for Ais improved drug delivery are not however well 
20 understood 

The use of lipid-based microemalsions to enhance die bioavailability of different 
drugs, including peptides, has already been proposed. •nius,GB 2222770-A 
(Sandoi Ltd) describes microemulsions and corresponding miooemulsion -pre- 

2S concentrates- for use widi die hi^ly hydrophobic cyclosporin pqmdes. TTius, a 
suitable pre-concentrue comprises U-propylcne glycol as die hydn^ihilic 
component, a capryiic-c^c acid triglyceride as die lipophilic component and a 
mixmre of a polyoxyediylene glycolated hydn)genaicd castor oil and gl^^ 
monooleate (ratio 11:1) as die snrfactani-cosurfactanL Such formulations may dien 

30 be dihitedwidi water, to give oa-in-waierradicrdianwaicr.in^m«^^ 

GB 2 098 865 A (Sandox Ltd) describes topical compositions in die form 
nucnjemulsions comprising a watcr-imnttisdbfe organic sdvcnt, an emulsi^ 
cmulsifier, water and a (non-peptide) dierapeutic agent nicse formulations are said 
35 to have improved sldn penetrating properties. Suitable organic solvents tnchide 
mono- or diesien of glycerol widi a (€^22) cartKixylic acid, such as glyceryl 
cqxrylate (which may also act as a co-emulsifier). 
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us 4 712 239 (Mulltr a aL) deaaibei mnlri^oroponait tv«ien» far pk^^^^i 
nie compri«mf an oil, « nonkmic nnfectant with an HI3 vdM 
mUtetant wUch ii apanial ether or eitcr <rfa polyfaydraxyl aksfaol and a (C^22) 
faiqrakMW oradd, whkA componeno farm a "nngle ph^ 
5 ^wmlpropeniesofdieiysmnareanribmaltotbepBni^ 

coimfaciantielectcd. An aqncoiu phase u an optional extra and die dienpennc 
agem may be lipophilic or hydiophilic Such sysaans are said 10 give enhanced 
«raiwfcnnal deUvoy characwisrics. Amongst die examples provided, one (example 
1. fionnularion 0 has PEG (20 EOholac acid glycerol partial esters (40%), capryHc- 

10 capric add glycerol partial esien (42% monoglyceridc.24%Xmeditmi-chain 
trigiyceiides (16%) and water (20%). 

GB 1 171 125 (Caaxo Laboratories Lid.) describes micraemulsions comprising a 
hydiophilic oil, t.blcnd of low and high HLB smfeuaams and an aqucoiis ph^ 
15 injectable preparations. In particular, example 15 tiweof contains in die 

Jipo|«lic phase a nuxiaie of coconut oU and sorbitanmonooleaie. Thepatentis 
concened widi improved foimiriations and is silem on Woavail^ 

WO 8MM059 (EngstiOmwfliL, and diecoiresponding paper, /.Dispenion ScL 
20 TechnoL, 1 1. 479. 1990) discloses controUed release composinaas for biologically 

active materials omprising an T2-phase- and containing an nnsaitiraied (Cifr^ 
fatty add monoglyoeride and an unsaturated (C,<j.22)-fi>tty add triglyceride, in a ratio 
offinml:lio3:l,andai»larliqnidsuchaswatcr. Suchanunsainiaied(Ci6.22)- 
fatty add monoglyceride is a tow HIJ surfiuaant There is. however, no mcmion of 
25 «teaddirionalindusionofahighHLBsurfactanL nieexistenceofanL2phasehad 
pwviously beta described for a watentoonocapiylinAicapiylin system by Friberg et 
flt.J.Amer.()aaiem.Soc47. 149. 1970. Again, dwe is no mention of die 
additional indnsioa of a high HLB surfactant. 

30 We have now iniprisingly found dm iisefid drug delivery characteristics m^ also be 
obtained using (w/o) midoemnlsions having a lipophilic phase in whidi die lipophilic 

phase is a nnxtme of medium and tong^Aain fatty acyl mono-, di- and iri^ycerides. 

SUMMARY OF THE INVENTION 

35 Accordingly, die piesent invention provides a pharmaceutical composition 
compiising: 

(a) aIwWl>cphaiehavinganoawhichbamedium.oralongH±ain&tv 

tri^yceride or a nuxtnie dtereof and a tow HLB surfactant which is a medium- or 
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a Ionf<teinfiMy«c3dmooc>- and/or digly^^ 
Cfier or a mixinre thcmJC tach thM Hpophi^ 
medhim- and loog-chtin fittty acyl rooiedcs; 

(b) ahighHLBsacfKtam; 

(c) anBqQeoDshydropluHcpliase;and 

(d) awater-soInhledtctapendcagenL 

The phannaceutical composition upon admixing fionns a stable, iclf-anulsifying» 
wtter-iiHHl (w/D) micRmnlsion which is Uqmd or a gel at room tempentme, 

DETAILED DESOUFTION OF THE DRAWINGS 



IS 



Rgmcl Illustrates a Picudo Ternary KiascDia^ 

Existence I%ki in a system containing an oil and a low HLB siBfa^ 
in a fixed ntio X, a high HLB surfKttm and an aqoeous phase; 
Hgnie2 IDustnues a Psciido Ternary Hiasc Diagram of theWA^ 

Existence BeM in the System comprising Oqitex 355 and Arl^ 186 
(ruio 3:1), Twcen 80 and saline; 

Hgme3 mo«rates a Pseiido Tertiary Phase D^^ 

I^ M *e System comprising Captcx 355 and sorintan 
monoolea t e (ratio 3:1). Tween 80 and saline; 

Hgure4 nitrates a Pseiido Ternary Phase Diagram of theWA^M^ 
Existence Keld in die System comprisingOaptcx 355 + 
3:1) and Ailacd 186 (ratio oil : low HLB sorfactant 3:1), TwBcn 80 an^ 

Rgnre 5 niostrates a Pseodo Tcmaiy Phase Diagram of theW/O Mioocmnlsion 

Existence IWd in die System comprising C^«cx 355 + soybean ofl 
(ratio 1:1) and Arlacel 186 (ratio oU : low HLB snrfactant 3:1). Twecn 
80 and saline; 

30 Ftgiire6 mustrates a PKodoTcrnaiy Phase Diagram of theW/OMio^ 

Existence Field in die System comprising Cqnex 355 *f soybean oil 
Cmdo 3:1) and Ospmnl MCM (ratio oil : low HLB smfactant 3:1X 
Tween 80 and saline; and 
Hgmc7 mninaies a Psctido Ternary Phase Diagram of te^ 

E'^*»*enceIMd in the System comprising Qqjtex 355 a^ 

Cqmiul MO! (ratio 1:1X (ratio oil : low HLB snrtetant 3:1). Tween 80 

andsa&ne. 



DETAILED DESCRIFnON OF THE INVENTION 

As noted above the instant invention ccnnprises a phannaceuticai composition which 
has 

a) a lipophilic pftiase having an oil which is a medium- or a long-chain fatty acyi 
5 triglyoende or a mixture thereof and a low HLB surfactant which is a medium- or 
a long-chain fatty acyl mono- and/or diglyccride* a sorhitan ksng-chain fatty add 
ester or a tvuxtuie thereof, such diat lipophilic phase comprises a mijctuie of 
. medium- and long<haxn fatty acyl moieties; . 
(b) a high HLB foif actam; 
10 (c) an aqueous hydrophilic phase; and 

(d) a water-soluble tfaeiapeudc agent; which upon admixing form a stable, self- 
emulsifying, water-ii>-oil (w/o) microemuision which is liquid or a gel at room 
temperature. 

1 5 Earlier work in this area disclosed that useful (w/o) microemulsions may be prepared 
having a lipophilic phase which is either a mixture of a medium-chain £aay acyl 
triglyceride oil and a low HLB surfactant which is a medium-chain fatty acyl 
or di-glyoeride or a mixnirc dwreof (Omstantinides, W093A)2664, published 1 8 
February 1 993) or a mixture of a long-chain fatty acyl triglyceride oil and a low HLB 

20 ^nfactant which is a long-chain fatty acyl mono- ch* di-glyceride or a mixture thereof 
or a sortman bng-chain fatty acyl ester (Constantinides, P., W093A)2665t published 
18 February 1993). 

It has now been found that stable, water-in-oil (w/o) seif-«mulsifying microemulsions 
25 may also be prepared containing a lipophilic phase which is a mixture of medium and 
long-chain fatty acyl mono-, di- and triglycerides. 

As used in the context of the phrase "in which the lipophilic phase comprises a 
mixture of medium- and long-chain fatty acyl moiedes\ the term "mbome" refers to 

30 an enriched blend of co mp o nen ts, prefierably where the other componem is admixed 
in an amount greater than iO%. Suitably the medmm chain fatty acyl moiety is 
present in an amount of 20% or greater, pieferably about 50% and most preferably 
about 80% of the total mixture. Thus, mixtures widiin the scope of the present 
invendon include the medium- and long-chain oomponena in a ratio of from 10:90 to 

35 90: 10, preferably from 50:50 to 70:30, more preferably 50:50 to 80:20. 

Composinons aooordxng to the present inventicm comprise in the lipophilic phase, for 
instance, a mixture of a medimn-chain fatty acyl triglyceride and a low HLB 
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staiKom having a k>ng<hain fatty acyl moiety or a long-cbaia fiitty icyl triglyceride 
aixi a low HUsmfictim having tinediiim-chainfaa^ Another useful 

lipophilic phase comprises a mtxnire of a long-chain and a medium-chain faity acyl 
triglyceride and a ntediimi-chainlattyacyi memo- and/or diglyceride. Ithas* 
however » been foond that certain combinations of kmg-chain feoy acyl triglyceiides 
and roedimn-chain fatty acid mono- and diglyceridcs opdonally admixed widi a long- 
chain fony acyl monoglyceride do not form stable, sclf-cmulsifying water-in-oil (w/o) 
microemulsians on admixing witfi a high HLB surfactant and a hydrophilic phase and 
arc accordingly otittide the Scope of the present invention. 

The term "medium-chain fatty acyl" as used herein refen to a fatty acyl moiety 
having from 6 to 12, ptcfcrably 8 to 10 carbon atoms which may be branched or 
unbranched, preferably unbranchcd and which may be optionally substitnted. 

15 The term "long-chain fatty acyl" as used herein refen © a fatty acyl moiety which 
tnay be saturated, mono-unsaturated or poly-unsatuiated, having fn^ HtoH, 
iwcfcxably 14 to 18. carixm atoms which may be branched or unbranched, preferably 
unbranched, and which may be opdonally subsdmted. 

20 Suitable medium and long-chain fatty acid triglycerides for use in the present 
invendon m^ be of natural, semi-synriieac or syndietic cngin and may ttichtde 
blends of different fatty add triglycerides. Suitable oiglycerides for use herein are 
readily available from commercial suppliers. 

25 Prefierred medium-chain fatty acyl triglycerides comprises capryiic (Cg) add 

opdonally admixed widj capric (Cio) acid, fw instance from 50 to 100% (w/w) of 
capryiic add and from 0 to 50% (w/w)ofcapric add triglycerides. Suitable examples 
indudc rfiose availabte under the trade names MYRTTOU CAPTEX (K^ 
Lqnd Spedaldes, Columbus OH)» for instance CAPTEX 355, CAPTTEX 300, 

30 CAPTEX 35a CAPTEX 85a CAPTEX 800 and CAPIEX 800^ 

(BASF), for instance the grades MIGLYOL 8ia MIGLYOL 812 and MIGLYOL 818 
(whkh also comprises a linoldc acid triglyceride) and MAZOL 140^ 
Chemical, Gumee, EX The fatty add content of rep i eseuta rive products is: CAPTEX 
355 - caproic add (2%), capryiic add (55%) and c^ add (42%); CAPTEX 8000 - 

35 at least 98% capryiic add, MYGOL 810 - caproic add (2%). cq)rylic add (65-75%). 
capric add (25-35%) and MIGLYOL 812 - caproic acid (3%X capryiic acid (50- 
65%). capric add (30-45%) and lauric add (5%) (mann&ctmet's data). 
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Soiiible lang<|«ria fiuty add iriglycaidcs 
"«and phm. vegenWc .ad fish oils such as sh«^ 

oU. castwflil. safOower oil. snnnoweroil and s«v^ 
««e or p|«iany or fiJlyhydiogeiuue^ 

5 ^25%XliMl«cacid(54%XUnolenic«dd(6%).palnriticacid(n%)«,d^ 
(4%) inglyceridM whilst safftowoU consisa of olefc icid (n^^^ 
(76%X acaiic add (4%) and palmide add (5%) triglycerides. Suitably in sudi long- 
chain fctty «ad triglycerides, the major fatty add components are Cg-sannated. 
"««»««™«lorpolyunsaiuiatedfiittyadd^^ 
J.U poiyansamntBd fatty adds. 

n will be appTBdated that when sotequiicd. mixtwes of mediura. andlong^hain 
fatty acyl triglycerides are obtained by physically admixing triglycerides whidi 
CMcatiaUy have medium^hain fatty «:y| moieties wid, triglycerides whidi essenriaUy 
ftave long-diain fatty acyl moieties, to aeate aniiidal mixmies of medium- and long- 
chain fatty acyl triglycerides in the desired ratios. 

The present invention is directed towards miaoemulsions whidi are liquids or gds at 
room temperature (that is below about 23»0 and Uierefbre does not indude 

nncroemulaons whid, are solid at n)om tempereture. AcccrOngly. in fomndaA^ 
"jownmlsioos of die presem invojti^ 

«1 (inp about 30»Q or blends thereof riKxdd be avoided as the use Aereof wiU teml 
to give fonnularions whidj are solid at loom tempefaaae. 

Suitable low HLB suiftctants fbrnsc in the presem invemion indude fatty add 
moooglyceridea and diglycerides. as wdl u mixmre, tfweof. and may also comprise 
tsmallamoumbywdghtoffieefattyadd. Tte mono- and di-glycerides may ead. 
indude blends of diffioem fatty add mono- ami di-glycerides 
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30 Smiablemediuad«ri»fi«y«ddmono.«uldi.glyceridesareftmnedftomcap,ylic 
andcapncadds. SutaUe blends comprise from about 50 to 100% captylic add and 
fiomabout0io50%capricaddmonoand/ordiglycerides. Suitable commeidal 
sources of diese indude die products available nmler the tradename CAPMUL 
(Karisham Lipid Spedalries. Qrfumbus OH), for instance the pioducts CAPMUL 

35 MCM whidi comprises moaoglycerides (77.4%). diglycerides (21%) and fiee 

glycerol (1 .6%). widi a fatty add composition of caproic add 0.2%). capiylic add 
(66.8%). capric add (29.6%), lanric add (0J%) and pafanitic add (0.1%) and 
CAFMUL C8 whidi has monoglycerides (70 - 90%). diglycerides (10 - 30%) and 
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fi€e gJyoenW (2 - 4%). with « Cuty add compoiiiwn w*ich compri^ 
c^«ylic add (manafactmen data), and Imwiior 308. 

Suitable long-chain bay add monoglycoides indude glycerol monooleatB. glycerol 
raonopalmiiate and glycerol monostearate. Suitable cooiincrcially available exampfc* 
of «ndi indude the products available under the trade names MYVEROL. sndt as 
MYVEROL 1M2. and 18^. MYVATEX and MYVAPLEX. tespecdvdy. fam 
EMmaa Kodak Ownicals. Rochester. New Yoiic. A further useful long-diain fatty 
add tnonoglyceikle-containing product is ARLACEL 186 (available 6t>m IQ 
Americas Inc.) which includes, in addidon to glycerol monooleate, piopyiene glycol 
(10%). The main fiiny adds of MYVEROL 18-99 are oldc add (61%). iindeic add 
(21%), lifloienic add (9%) and pafanidc add (4%). Suitably in such long<hain 
moooglyceTides. die major fatty add component is a Cig-samiaied. monoimsaturaied 
or polymisatmwed fatty acid, prefeiably a Cig-tnonounsaturaied or polyunsaomied 
15 fany add. In addidon. diacetylated and disuccinylatedvetsioitt of die 

monoglyecrides sodi as die product available under die trade name MYVATEX SMC 
are also nsefuL 
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Fnnher suitable low HLB suifactants for use in die piesent invendon indude sortritan 
lotig-diain fatty add esters sudi as soibitan monooleate. available commeiciaUy 

nnder the trade names SPAN 80 and ARLACEL 80 and soibitan sestjttiolcate. 
available commeimUy under die trade names SPAN 83 and ARLACEL 83. 

Suitably die low HLB smfacnuit will have an HLB value in die lange of about 2.5 to 
25 6. TTie HLB values of die pnduos CAPMUL MOH, MYVEROL 18-99. ARLACEL 
80. ARLACEL 83 and ARLACEL 186 aie tespecdvely about 5.5 to 6. 3.7. 4 J 3 7 
andZ& 

Suitable high HLB surf«aanis for use in die presem invention indude non-ionic 
30 surfactants such as 

(a) polyaxjcdiylene fiuty add esten. finr example polyoxyediylene steaiic addesuas 

of die type available under die trade name MYRJ aa Ameiicas. Inc.). far 
instance die produa MYRJ 52 (a polyoxyediylene 40 steaiate); 

(b) poiyoxycdieylene-soifaitan fttty add esten (poiysoriiates). for example dw mono- 
35 »n*«ri->««nri.|>alraityLsieaiyl and oleyl esters, for instance die polyoxycd^ 

sotbitan monocdeates available under die trade name of TWEEN aa Americas 

Inc.). sudi as TWEEN 20. 21. 40. 60. 61. 65. 8a 81 and 85. of whidi class 
TWEEN 80 is espedaUy piefened: 
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(c) potycBcycdiykne glycol long-chain alkyl ethen, such as poiycncyediylaifid glycol 
- -laoryl etben and 

(d) polyiayctfaylene glycol long-chain alkyl tstm, such as PEG-monostBante. 

5 Fcv use herein, the high HU sur€»antpitfcrably has an 1^ 
13to2a , , . 

Suitabiy, the blend of low and high HLB siufactants will have an HLB value in die 
range of firom about 7 to about 15. 

As used herein, die term "dierapeadc agent" (hereinafter rcfened to as "dnig") refers 
to any compound which has biological acnvity, is soluble in die hydrophilic phase 
and has an HLB value of at least diat of die high HLB surfactant used in die 
fonnuladon, to ensure diat die drug is prcferenrially dissolved in die hydrophilic 
radier duo die lipophilic phase. Tliis includes bodi pepddes and non-pepddes. 
Suitable pepddes include not only small pepddes but also larger 
pepddes^ypepd(ksand|ffoteins. Suitable such peptides prefembly have a 
molecular wdght from about 100 to 10.000, more pieferably ftom about 100 to about 
dtfXX Eq)ecially pfefentd are pepddes having finQm 2io 35 amino add moieties, 
ifigher molecular weight pepddes, even diose widi a molecular weight of above 

10,000, up to about 50J00O, may also be accomodated in microemnlsions of the 
ptcseminvendoo. . 

Suitable small pepddes have from about 2 to about 10, more preferably ftom about 2 
to about 6 amino add moiedes. Preferred smaU pepddes indude die fitenogen 
receptor antagonists (ROD containing pepddes) which are tetrapepddes widi an 
average molecular weight of about 600. These pepdde antagonists are hi^y potent 
platelet aggregadoninhilntonM plasma leveU as low as I pmol^^ P re fer re d 
fdnrinogen antagonists include die pepdde cycto(S,S)-Na-aoetyl.Cy$-(N»-niediyl)Arg. 
Gly-Asp-Pen-NHj (M er o/^ EP 0 341 915, whose disdosure is herein incorporated 
by reference in its endrety) and die pepdde cydo(S,SH2-mereapto)benzoyl-(N«- 
mediyl)Arg-Gly-A^K2Hnercs^)phenyhmide (EP 0 423 212, whose disdosure is 
herein inoorponted by reference in its entirety). Other fibrinogen antagonists useful 
in die presem invendoo are diose pq)ddes disclosed by Pierschbacher er oiL, WO 
89A15150 (US/88/04403); Margnerie, EP 0 275 748; Adams a al^ U.S- 4,857,508; 
Znnmennan a al^ U.S. 4,683,291; Nutt ^ oL, EP 0 410 537, EP 0 410 539, EP 0 410 
540, EP 0 410 54 1, EP 0 410 767, EP 0 410 833, EP 0 422 937 and EP 0 422 938; AU 
«flt, EPO 372 486; Oiba etaL. WO 90/02751 (PCT/JP89/00926); Klein etai^VS. 
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455X562; Scaibonragh et ai.. WO 90/15620 (PCT/US9a034l7): Ali et al,, 
PCrAJS9a065r4 and PCTAJS92A)0999; the pcptidc-like compounds disclosed by 
Afi ei 0/^ EP 0 38 1 033 and EP 0 384 362; and the RGD pepdde cyclo-Na-acttyi. 
Cys-Asn-Dtc-Amf-Gly*Asp-Cys-OH Cm which Dtc is 4.4*-dimcthylthia2olidine-5. 
5 carfooxylic add and Amf is 4-aminomcthyIphcnylalaninc). 

The RGD peptide may be usefully included in the microemulsion fonnuladon in an 
amount up to about 600mg/g of die hydiophilic phase or from 0. 1 to 60 m g/g of die 
fonnuladon. 

10 

Odtcr peptides useful in die present invention include, but arc not limited to, other RGD 
containing peptides such as diosc disclosed by Momany, US 4,41 1,890 and US 
4,410,513; BawmetaL. US 4.880,778, US 4,880,777, US 4,839,344; and WO 89/10933 
(PCT/US89yD1829); die peptide Ala-His-D.Nal.Ala-Trp-D-Phe-Ly5.NH2 (in which Nal 
15 represents ft-naphdiylalaninc) and die peptides disclosed by Momany, US 4,228,158, US 
4028,157, US 4,228456, US 4,228,155, US 4,226,857, US 4,224^16, US 4,223,021, US 
4,223.020, US 4^23,019 and US 4,410^12. 

Odicr suitable peptides include hexapcptidcs such as die growdi hormone releasing 
20 peptide (GHRP) Ifis.D-Trp.Ala.Trp-D.Phe-Lys-NH2, (Momany. US 4,41 1.890) and 
related analogs diaeof, such as but not limited to, His-D-Phc- Ala-Phe-Lys-Gln-Gly- 
NH2, Hong et aL, USSN 07/951500 die disclosure of which are herein incorporated by 
rcficrcncc in their entirety). This may usefuUy be included in an amount up to about 
250mg^g of die hydrophilic phase or from 0. 1 to 25mg/g of die formulation. 

25 

Suitable larger polypeptides and proteins for use in microemulsions of die present 
invention include insulin, calcitonin, eicatonin, calcitcmin-gcnc related peptide and 
pofcine somatostatin as well as analogs and homologs diereof. Odier suitable larger 
polypeptides indude diose disclosed by Picrschbacher et oL, US 4.589.881 (>30 
30 rcsiduesX BitrieeffliL, US 4.544^00 (20-30 residues); and Dimarchier a/., EP 0204 
480(>34residnesX 

Odier type of compounds usefril in die present invention include analogs or homologs 
of LHRH which display potent LH releasing activity or inhibit die activity of LHRH; 
35 analogs or homologs of HP5 which possesses hematopoetic activity, analogs or 

homologs of e n do t he lin which possess hypotensive activity; analogs or homobgs of 
enkephalin which have antinociceptive activity; anabgs or homologs of 
chknecystokiinn; analogs or homologs of cyclosporin A which have 
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imm^T m activity; analogs or hoisologs of atrial natriuretic f a ct o r ; 

pqitidergic antineoplastic agents; analogs or bomologs of gastrin releasing pq)tide; 
analop or bomologs of somatostatin; gastrin antagonists; faradykinin antagonists; 
nearoteasin antagonists; bombesin antagonists; oxytocin agcmists and antagonists; 
5 vasoipiessin agonists and antagonists; hirudin analogs and bomologs; analogs and 
bomologs of tbe cytoptotective pepdde-cyclolinopeptide; alpha KfSH analogs; 
analogs, and bomologs of M5H releasing factor (no-Leu-Gly-NH2); pepddes which 
inhibit coUagenase; pq)tides which inhibit elastase, peptides which inhibit renin; 
peptides whidi inhibit HIV protease; pqnides which inhibit angiotensin oonvenmg 
10 enzyme; peptides which inhibit chymases and tryptases and pepddes which inhibit 
blood coagulation enyzroes. 

Odier suitable drugs include non-pepdde therapeudc agents such as andUotics, 
andmicrobial agents, antineqilastic agents, caxdiovascular and renal agents, 
1 5 antiinflammatory, immunosuppressive and immunostimulatory agents and CMS 
agents* 

Pxeferably, the drug is a peptide such as a fibrinogen receptor antagonist peptide (an 
RGD pepdde), CHRP (His-D-Trp-AlarTrp-I>-Fbe-Lys-NH2), a vasopressin, a 
20 calcitonin or an insulin, more prefierably the fibrinogen receptor antagonist pq>tides 
cydo(S,S>-N*-acet^-Cys-(N*-meth^)Arg-Gly-Asp-Ptn-NH2 or cyck>(S,S)-(2- 
merciq>to)benzoyl-(N^methy])Arg-Gly-AspK2-metcapto)phen^anude or GH^ 

In a pxefened aspect, tbe present invention provides composidons in the form of 
25 microemulsions comprising a peptide which may be orally administered and which 
will retain bidogical activity, thereby overcoming the disadvantages of caiiier 
formulations in which the bioavailability of the peptide has been less dian 
satisfactory. In particukur, the present invendon provides compositions which by their 
pennit the preparation and administradon of a peptide in sufficiendy hi^ 
3 0 conoentratioa to allow not only convenient oral administradon but also nrt eqn aT e 
bioavailability of the pq>dde. 

For a water-soluble drug, the degree of incorponuion into (w/o) composidons of the 
present invention is linuted oidy by its solidnlity in the hydrophilic phase. Ibe ionic 
3 5 sttcngdi and pH (witfam the range 3 to 10) may be adjusted to aid dissolution, without 
compromising the integri^ ^ ^ composidon. 




The tqueou bydrophibc phase suitably ooxnphses water or an isotonic mIw**^ gniiififfn 
and may also indode a pfaarmaceudcally acceptable solvent which is noa-misdble 
with die selected lipophilic phase. 



In a piefiened tspect, it has been foond diat in composidons of die present invendoo, 
die use of a mono- or pdyhydroxyalcohol co-surfactam, such as edianol, bnianol or 
propylene glycol* as rbc major component of the hydrophilic phase may be avdded. 
This has die advantage of not only midgating die stability and processing dxffkuldes 
urociated with die use of such but also xedudng die concomitant stomach and 
duodenum iiritation. Accoidingly, die hydrophilic phase of compositions of die 
present invention may be essendally aqueous and comprise less dian 10%, picicnably 
less dian 5% and more prefcrrably less dian 2% by weight of die phase of an aicohoL 



It wiU be xeadily appreciated by die skilled person diat not aU blends of a 
IS triglyceride, low and high HLB surfactants and hydrophilic phase wiU yield stable, 
self-cmnlsifying microemulsions widun die scope of die present invendon. 
Appropriate rados may^ however, be leadOy determined by die skilled man widi die 
aid ofa phase diagram such as diat illustrated in Hg. 1. As the ay^tem rftmpn irt fqw 
components vtt a fttty add triglyceride (oilX a low HL£ surfactant 
20 sutfKtant and an aqueoos/hydrophilic phase, a pseudo-ternary phase diagram is 
employed. In this, the rado of two components such as die oU and die low HLB 
«orfwam is kept constam so dm diere are only dircc variables, each of 
dien be represented by one side of die triangle. Thus,inRg. l,(l)rqnesentsdie 
mixiinc of d» oU and die low HLB surfactant, at a fixed ratio X, (2) d^ 
25 (aqueous) phase and (3) die high HLB surfactant By way of example, die point "A" 
represents a mixture 50% oil plus low HLB surfactant 20% aqueous phase and 30% 
high HLB surfactant 



The regions of die phase diagram in which microemulsions acconling to die prtsent 
30 invention exist inay be determined by titrating arinixmre of die oil and low HLB 
snrfactam On 1 fixed ratio) against die high HLB surfactant and die hydrophilic 
noting paittts of phase separation, turbidity and transparency. Clear, transparent 
fonnnlatioos am indicative of die formation a stable microemulsicn. Liquidand 
gdfomuladons may be obtained at room temperanire acocnding to die spedftc 
35 nature of die co mp on en ts employed. 

Once stable transparent systems are obtained, simple tests, such as dya mhitwHrntjon, 
dispersibOity in water and conductivity measurements may be used to tfrtmninf 
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whether the micioeniiiiikmii an (Q^v). or •(w^)^^ A wam-MiaMe iyc wil 
dispeae in an (ft/w) miaoeniiilsion wtnlsi it wUIiaMin in its originai form itv a (w/o) 
iiiUi««uidiion. Ukewise. (ofw) microemnlsioiu an: geoenUy dispenible in waier 
wfaereas (w^) miaoemiilsioni are geneniUy noL In addidoo. (ohf) micneniilsions 
5 «»d^ladectridtywheIBl«(w^)doIlOL Theis^ 
««finiied by exaniinarion thereof 

mkellar in nanre are isotropic and dnefore non-birefnngem when examined onder 
polarised light 
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From dii, phase diagram, apptopriate percentages may d>cn be read off. TTiepracess 

then be lepeated for odter ratios of ofl to low HLB staftiaant so dut an ov^ 
picture may be trinaiiied. 



A lepreientative pseodo-ieniary phase diagram of a system containing in die 
15 lipophilic phase a medinn-chain triglyceride oil (CAPTOC 355) and a long-chain 
fatly acid mono-glyceride ( ARlj\CEL 1 86. low HLB snfftoant) fin d«e iwio 3: 1). 
high HLBsmfaaantCTweea 80) and saline is shown as Fig 2. ThemixBireofoU 

pita die low HI3 strtactam is indicated as component 0). saline as component (2) 
and d»e Wgh HLB smftctant as compontent (3). These systems pndoces a wide 

tmge of dear, tiansparem miowannlsions which are shown in d« phase diagram as 
die mieroemulsion field (shaded areas) which field may be useAiIly be sob-divided 
ii«o«gioas(AX(B)and(0. 



20 



Tliif sub^vision is based primarily on differences in condtwance, 
25 dUmability in die presence of excess water (at least 5-fold)i Bodi the viscosity and 
conductance increase from region (A) to (Q, widi major changes observed between 

^**l»«*n«» of exceo of die dispened phase (saline or water), 
micnemoisions of regions (A) and (B) are inverted to tmbid (o^w) emulsions . In 
conmst. miooemulsioas from region (Q remains clear upon dUudon. 

30 

Tlie cal qilated final HLB values ftg die blend of tow and Mgh HLB surt^ 
itgiOM (A). (B) and (Q are 7 to 1 1. 1 1 to 13 and 13 to 15. lespecrivdy. 

Micnemulsions widiin die scope of die present invention are dx»e falling widiin 
35 n!gioiis(A).(B)and(C)ofdiepsendo-teraaryphascdiagiam. 

Accordingly, in a fmtiier aspea die piesem invention provides compoBirioni which 
fomi staUe. celf-emnlsifying (w/o) nricroemulsions as hendnbefore defined in which 
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the leUtive proparaoDs of tbe various omifxinems lie within regioiu (A), (B) and (Q, 
piefenbly (A) and (BX more preferably (A), of a pseudo-ternary phase diagrams such 
asHgl 

5 In geneiaUin diercpresentadve system, stable, dear, transparent liquid 

micme m n lrimis were obtained when the oil plus low HLB surfactant was present in 
die lange fiom about 40% to less than 100% , die high surfactant 1^^ 
and die water less than 20% (wAi^) of die microemulsion. 

10 By dus process of a)nstnicdng a representative range of phase diagranis, it is 

possible to detennine appropriate quanddes of die various comp onen ts which will 
lead to stable, self-emulsifying microemulsions falling widiin die present invendon. 

Suitably, die lipophilic phase coni|»ising fatty acyl triglyceride and die low HLB 
15 surfactant togedier comprise fioro about 8 to about 95%, prefenbly about lOtoaboot 
90%, more preferably about 40 to about 90%, roost prefierably about 60 to about 90% 
(w/w)(^ die microemulsion. The fatty acyl triglyceride and die low HLB surfactant 

be ocmibined and nuxed at various ratios. Useful (w/o) microeinulsions of 
relatively low visoosi^ may be obtained when die rado of fatty acyl tri^yceride to 
20 low HLB surfactant is in die range of about 5:1 to about 1 preferably about 4:1 to 
about2:L Itisfounddiatasdieradooffetty acyl triglyceride to low HLB snrfiKtant 
is increased towards 5: 1, region (C) of die microemulsion existence field becomes 
increasingly predominant Suitably, microemulssons of die present invendon 
comprise in die lipophilic phase at least 50% of medium-chain components. 
25 Preferably, die ratio of medium- to long-chain components is from about 9:1 to 1:1, 
moreprefierably from about6:l to 1:1, monpreferably about 4:1 tol:L 

Suitably, die high HLB surfactant is present in die range of about 5 to about 75%, 
preferably about 5 to about 50%, more preferably 6om about 7.5 to about 30% (w/w) 
30 of the micruemulsion. 

Suitably die hydrophiltc phase comprises from just greater dian 0 to about 40%, 
preferably from about 0.1 to 20%, more preferably firum about 0. 1 to 10% and most 
preferably from about 1 to 5% (w/w) of the microemulsion. 



35 
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It wiU be xtadUy ^ipreciated by the skiU^ 

relative tmocmt of high HLB surfactant will have to be matched by an increase in the 
relative amount of hydrophilic phase. 

5 In microemulsions of the present invention, the lipophilic phase comprises preferably 
about 10-90%, more preferably 40 to 90%, most prefierably 60 to 90%, the high HLB 
surfaciam preferably from about 5 to 75%, more prefierably from 5 to 50%, most 
preferably 7^ to 30% and the hydrophilic phase preferably less than 40%, more 
preferably less than 10% and most pieferably less than 5% (w/w) of the 
10 mioDemolsion. Within such microemulsions, the ratio of fatty acyl triglyceride to 
low HLB surfactant is preferably between 4:1 and 2:L 

The microemulsions of the present invendon are substantially non-opaque, that is 
they are traiispareiu or opalescem when viewed by c^tical microscopic meaiu. In 

1 5 their undisturbed state, they are optically isotropic (non-btre6ingetit) when examined 
under polarized light They exhibit excellent stability at low and ambient 
temperatures, without phase separation, clouding or precipitation, even tyver - 
prolonged periods of time. The fonnuUtions may be stored in a stable foim at 
various temperatures, such as at 4**C ambient temperature. 37*0 and at 5ff^ 

20 preferably at 4'C or ambient temperatures. Pepdde-containing microemulsions of the 
present invendon exhibit a similar stability (shelf life) profile to diat of die 
corresponding peptide-free microemulsions. Stable (w/o) microemulsions may be 
formed when the pH of the aqueous phase varies from a pH of approximately 3 to 
about 10, a property that can be beneficial for drugs exhibiting higher solubility at 

25 low or high pR The microemulsions are of varying viscosity, with fomiulations 
which are mobile liquids or gels at ambient temperature. Microemulsions with a 
rdadvely higher amount of a high HLB surfactant such as TWEEN 80 tetid to be 
more viscous due to the greater viscosity of this material 

30 Prefetably, the diameter of droplets or partides of the microemulsions of the present 
invention, measuredt for iiutance, as the number-avenge diameter by huer light 
scattering tedmiqoes, is less than 150 mn, more preferably less than 100 nm, yet more 
prefeiably less than 50 nm and most preferably in the range 5 to 35 nm. 

35 The various phases may opticmally contain further ingredients, such as, but not 
linutedto: 
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0 lipids, such as phosp holipi ds, in ptracular iecidiins, such as soya bean 

Vytthlns , egg iedtfain or egg phosphatide^ cholesterol or long-chain fatty adds 
socfaasotescadd; 

ii) ammidams such as n*propyl galiate, butylated hydnnyanisoie (BHA) and 
S mixed isomers thereof, d-a-tocc^herol and mixed isomers thereof, ascortnc 

add, propy4)araben, methylparaben and citric add (monohydrate), for 
instance in amounts less than 3« pxeferably less than 1% (wM; 

iii) bile salts, for instanrr, as their alkali mgtal tala^ «iy*h m ^nrfimn mw mrhnlati*^ 

iv) stabOtzeis, such as hydroxypropyl cellulose, for instance in amouna less than 
10 3, ptefembly less than 1 % (w/w); 

v) antimicrobials, such as benzoic add (sodium salt); 

vi) dioctylsucdnate, di-octylsodium sulfbsucdnate or sodium lauryi sulfate; 
vu) propylene glycol mono-and di-fatty add esters, such as propylene glycol 

dicapryiate, dilaurate, hydroxystcarate, isostearate, laurate, ricinolace, eic^ of 
15 which the propylene glycol capryhc/capric add diesters commercially known 

as Miglyol 840 and Im witor 408 are especially prefentd; and 
viii) protease inhibitors such as apiotinin. 

The nuqpemtilsiottt of the present inventjon fnnn apontaMntKly or «iih« tantiMiiy 
20 spontaneously when their ccmiponents axe brought into contact, that is without the 
application of substantial energy supply, for instance in the absence of hi^ Acar 
energy such as imparted by homogcnizadon and/or microfluidizadon or other 
medianical agitation. Accordingly the micrDcmulsions may be readily prepared by 
the simple process of admixing appropriate quantities, with gcntie hand mixing or 
2S stitnng if necessary to ensure thorough mixing. Preferably, the drug is dissolved in 
the hydrophilic phase, either direcdy or by dilution of a stock solution thereof and this 
may then be added toa pre-mixed combination of die oil and the low HLB surfimam 
widi mixing, followed by the high HLB surfactant or vice versa. Alternatively, a 
drug-fiee mie memn l si o n may be initially prepared by admixing the ml, the tow HLB 
surfactant, die high HLB surfactam and drug-free hydrophilic phase; to which may 
then be added further hydrophilic phase in which the drug is dissolved Whilsthighcr 
temperatures (40-60^ may be needed to solubilize all components during the 
prepaiaticn of die micrnt mnision , the preferred systems may be formulated at room 
temperature. Formulation at ambient t empera ture is particularly advantageous for 
35 thennolabile active ingredients such as peptides. 



30 
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ThephsinaoeiiticalGompositkmctf invention comprise a dmpeutic 

agew and are intended for use in therapy, for admimsira^ 
man. 



10 



Accordingly, in a fmther aspect, die present invention provides a mediod of tieannent 
whidi comprises administering an effective amount of a phannaceutical composition 
u hereinbef ofe defined to a patient in need dsereof . 

It wiU be lecogniied by dK sidiled man dial die amotmt of dw^ 
dw^jentic effect wiU vary widi die drag chosen, die nanirc and se^ 
condition and die animal undergoing trcatmem and is ultimately at die discretion of 
diephysician. Furdicnnore, die optimal quantity and spacing of individnal dosages of 
a drag wiU be detennined by die nature and extent of die condititai being treated, die 
form, route and site of administration, die particular patiem being treated and ^ 
IS such optima can be detennined by conventional techniques, ItwiUalsobe 

appreciated diat die optimal course of treatment, diat is, die number of doses given, 
may be readily ascertained using conventional course of nearniemdetefmination 
tests. 

20 In a fiirdier aspect, die present invention provides for die use of a fa^ 
triglyceride, a low HLB snrfwant, a high HU surfw^ 
Mrophilic phase as hereinbefore defined in the manufacture of a medicament 

Pharmaceutical compositions of die present invention may be used for oral, topical, 
25 rectal, intra*vaginal or odier forms of systemic admmistration and accordingly will be 
presented in forms saitabte for such. Thus for instance, pharmaceutical compositiims 
intended for oral administration may be presented in soft gelatin capsules whilst d^ 
viscosity characteristics of some of die pharmaceutical compositions make diem 
suiiahle for direct topical application. Compositions suitable farotal or topical 
30 admimstratioo are especially prefered. 

The mtcroemnlsion compositions of die presem invention widiout a drag are novel 
andnseftdasprecnrsoatodrag-cotitainingmicroemuisions. Accordin^y, in a 
fimhcr aspect, die present invention provides a composition comprising (a) a 
35 lipophilic phase having an oU which is a fatty acyl triglyceride and a low HLB 
snrfactam which is a fatty acyl monoglyccride, a fatty acyl diglyceride, ^ 
fatty acyl ester or a mixmre dicrcof, in which die fatty acyl moi^ 
medium and long chain fatty acyl moietier, (b) a high HLB surfec^ 
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aqoecms iiydrapliflic phase in which each of (a), (b) and (c) are as boeinbefoKe 
definedand which on admixing form a stable, self-emulsifying waier*tn-otl (wA)) 
miaoemulson which is iiqtiid at loom tcmperanne. 

5 The invendoo will now be illustrated by, but not limited to, the following descripdons 
(diug-£ree composidons) and examples (drug-containing composidons) and biological 
exaniples, widi reference to die above noted figures: 

DESCRIPTIONS 

0 

Description 1 - Phase Diagrams for Representative Compositions 



Psendo-temary phase diagrams were constructed for die following represemadve 
systems comprising in die lipophilic phase: 

15 



N& 


Fatty Add TriKiyceride 


Low HUB Surfactant 


Ratio 




1 


CaiMex35S 


Ailacell86 


3:1 


2 


2 • 


Camex 355 




3:1 


3 


3 


CSqnex 355 soybean oO 
(hi) 


Ailacdl86 


3:1 


4 


4 


Oynex 355 soybean <ril 

a-A) 


Ailacell86 


3:1 


5 


. 5 


Capiex 355 •*■ soybean oil 
0:1) 


Capmol MCM 


3:1 


6 


6 


Ciptex 355> soybean ful 
(3:1) 


Capmui MCM 


3:1 


7 


7 


CR|Mex355 


Ariaoel 186 •«■ Capmui 
MCM (1:1) 


3:1 


8 


8 


soybean oil 


Arlacel 186 "I- Capmui 
MCM (1:1) 


3:1 




9 


soybean oil 


Capmui MCM 


3:1 





in combinadon widt Tween 80 as die hi^ HLB surfactant and saline as the 
hydrophilic phase. 



20 



The region of the phase diagram in which microemulsions were formed was 
determined by dtradng a mixture of die oil and low HLB sur&ctant (in a fixed rano) 



tgaum tfafrhighHLB smfiictint and the aqueous phase, m)tiag pointt of phase 
'p pOTti o tt * tnrtndtty and transparency. 



The xeatxham phase diagrams are shown as figores 2 to 8. Hgore 2 has already been 
5 mendoned. Phasediagrams were obtained for die systems nos. 8 and 9 but for diese 
no clear and transparem(w/o)micioemttlsioQs were pnxluced. A wide range of clear, 
tran^jarem, liquid (w/6) microemuMons as shown by regions (A). (B) and (Q were 
available, for all but system no. 5 which gave only a (O region. These were stable at 
room tempenmre and 37^' When examined under polariied light, ooo-btreMngent 
10 behaviour was observed r 



These phase diagrams show diat micioemuisions widiin tht scope of die present 
invention are obtained far ranos of fatty acyl iriglyceridg tn inw Hy p ffurfartant 
ranging from 4:1 to 2: L 

15 

From diese, die skilled person wiU readily appredate diat die micros 
odsience regions for odier systems may be readily determined by focussing on die 
ratios d^ned by regions (A), (B) and (Q radwr dian having to repeat die who^ 
process and look atieladve amounts well removed from diese regions. 

EXAMPLES ... 

For fintfaer studies on microemulsions incorporating a drug, an opnmal fonnuladon 
was selected from die centre cf region (A) of dw phase diagrams hereinbefore 
25 described. This fonnuladon had die composition: 

Captex 355/Arlacel 186 (ratk> 3:1) 97.0% 
TweenSO 10 
saline solution 3 

30 

Such microemulskm were generally formulated by initially preparing die drug* 
aauaining hydropfailic phase, eidier by dissolving die appropriate amount of drug in 
die appiopriatB amount of saline solution or, niore preferably, using a stock solu^ 
which was dm further diluted if sorcqmred, widi vortex stirring if necessary to 
35 obtain complete dissohttion. The hydrophilic phase containing die drug was dien 
added to die ^ypniptiate anraunts (by wei^) of a inixtnre of die (H^ 
surfactant, to which was dien added die faig^ surfKrtant, 
(magnetic hot plate stirrer). Alternatively, die hydrophilic phase containing die drug 
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wn added to the high HU surfKiant and foUowing 0^ 
added to de.oU plus k)iv H13 surfactam mixoffc. If necessary, the drag-containing 
mioDcamlsion was then diluted with the conesponding drag-free micioemulsioo to 
adjust the concemratian of die drag. Batdws were luutiAely prepared on a 5 10 g 
5 scale. 

Following die standard procedure oudined above, die following drag-containing 
microemujsions were prepared, as shown in the following table: 

10 Table of Examples 



Example 


Drag 


Drag cone. 


oil & low 


high HLB 


aqseoiu 






mg/g form. 


HLB 


surfactant 


phase 








surfactant 


%(w/w) 


%(w/w) 








%(w/w) 






1 


vaso-pressin' 


0.06 


87.0 


10.0 


3 



Footnotes to table 

« Val-Asp-Cys-Ty-Phe^jln-Asn-Cys-Pio-Arg-Gly- Jfflj (MW of about 1300) aCN 
15 Biocheroicals), aq. = saline. 

METHODS OF TREATTVtENT 

20 The formuladons of the present invennon are tested for GI irritadon assessmem with 
out an active ingredient by die following medKxl: 

Oral Dosing in Rats/GI Irritation Assessment 

Suitable rats for use in this assement are male Sprague-Dawley (Caesarian Delivery - 
25 Virus Antibody Bee; Charles River Laboratories). Hie rats are fasted overnight the 
day before die cxpcrimenL Dosing widi die microemulsioa at the desired dose is 
done by gavage at a vohmie not exceeding 10 ml/kg. Upon tenninanon of the 
experiment animab arc eudiamzed with asphyxiation using carbon dioxide and 
exsangninaied. Abdominal indsioos are then performed and gross c^servations of 
30 die gastric and duodenal mucosa are made at naked eyes and under a microsoope 
(Nikon model SMZ-10 binocular microscope). 
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Qae a^ect of tfac proem iitvenrioo are the fommtorioM of w/n «>ifw>fnftitifying 
mkrocmuWont with or without peptide which produce tittle, if iny, danuige along 
the GItita upon oral adminisirarion. The fonnulations of the above noted Examples, 
foriniiance, are given oiaily by gavage (preferably at three rats per fdmnlation). 
After 24 hn the animals arc exsanguinated and upon abdominal indsions are 
examined bodi by naked eye and under the microscope. The mucosal surftce of both 
the stomach and duodenum of the animals that received miooemnlsions containing 
CAPTEXCAPMUL or CAPTCX/ARl^C^ 
any lesions at naked eye. 

Oral BioavaihbiHtv »f nn Rnn p^midg in R«r^ 

In the procedure described below microcrouisions formulated as described above a^ 
coniaining, for instance, 3mg of peptide per gr of miciocmulsion are 1^ 
foUowing manner for oral bioavailability. 



a) Jntravenous fiv^ arimim^rion of n^rir^g \^ 

Fasted rats are given an intraperitoneal (i.p.) injection and surgically fitted with 

femord artery cathcicn. Rats ware allowed to recover ftom the surgery for 1 day. 

Catherized rats are fasted fa- 1 8 hr prior to the experiment Each rat receives 3mg of 
20 pepdde by lateral tail-vein administration from a solution prepared as follows: 

ia84 mg pepdde qj. to 8ml widt 0.9% saline solution. Blood samples of 0.5ml 

aliquots are collected at 0, 1, 3, 5, IQ. 15, 30. 45. 60, 90. 120, 150 and 180 minutes. 

The Omin. sample is taken 15 min prior U) administration of the dose. Plasma is 

removed from the whole blood by centrifugation at 16000Xg for5 min. and dien 
25 plasma is stored at .20»C in 250nl aliquots per sample. Hie blood pellet U 

reconstituted widi heparinited saline and rcnimed to the appropriate rat via catheter. 

After the experiment, rats were eudianized widi iv administration of pemobarbttaL 

b) ■ InmdttQdcnal fi ±) adminittration nf fv>priri^ fn micrpemukion 

Fasted lats are given an ip. injection of anesdiesia cocktail and surgicaUy fitted 
widi jugular and duodenal catheters. Rats are allowed to recover from die surgery to 
4-5days. Catheriredrats are toed 18-20 hrs. prior to d» experiment Eadirat 
receives lOmg of pqitide in cidier microemulsion or saline sohition. Blood samples 
of 0.5ml aliquoo are collected via jugular cadmier in heparinized qjpendorf mbes at 
35 0,10,3a6a 120, 180. 240 and 1440 minutes. TheOminsamplcis taken 15 min 
prior to administration of the dose by duodenal cadieter. Plasma is collected for 
analysis and die blood returned to rats as detcrihed in thg S v arftntfi^nnHon (pm a) 
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above Aikr 1440 min^nts are euthanized by ivadzim^^ 
exsangomatod and the 01 traa renK>ved for gr^ 
c) AnalvriiofnewkteplMma 

Standanli are placed before and after the sample foH^ ASOjil 
5 aliqooc for 0-200 ng peptide, 25>il altquoc for 1000-2000 ng peptide, ISjil aliquot for 
lOfiOO ng peptide and a 50^1 aliquot of each sample is analyzed by post-column 
fluorescence detection. Ftoorcsocncc chromatognq>hy data is coUected and integrated 
using a Nelscm Chromatography Data System. The peak area ration (Y) and peptide 
standard concetmation (X) are used to determine d)e slop of a fine which is 
0 through die origin ttinn the equation: slope « (sum of X*Yy(Sum of X^). The slope 
rqaescnts die relationship between peak area ratio and peptide plasma concentiaticm 
for the samples. 



d) Calcnlfltinn of BiQavailflhi^fyY 

IS area under the plasma concentration curw(AUQftomO to 240 

mmmesisdetaminedforeachrBL For id administration, percentage WoavailabUiiy 
is determined for each animal by die foflowing equation with die average AUCfiron 
iv administration: [(AUQyAUC^)*(do$e,Vdoscia)J ♦ [100]. 

20 oral WMvailabifiiy data for die RGD peptide in rats ^ 

•dministration of amiooemulsion anuaining die above formulations incorporating a 

fibrinogen receptor anta^mist of a peptide dose may dicn be obtained in die abo^ 
tuMed maimer. 

> Btoavailflblitvftff>ttyin 

Using an unconsdoos lat model (Walker et al^ Life Sciences, 47, 29-36, 1 990X die 
bioavailability of die model compound calcein (5(6>carboxyfluoresccin, MW=d23) 
when dosed as a firmulation comprising Qqwex 355 + soybcm 
ISOTwecn SQAsotomc (Tris,10mM, pH 7.4) (3aayi5« w/w%) was assessed and 
compared widi diat obtained when die same ccrapound was dosed by die same route 
but as a sohidon in isotonic Tris huffier. Being a fluorescent compound, dw levels of 
die compound in die plasma samples could be readily determined using fhioiescence 
spectroscopy. After intnduodenal fid) dosing of calcein at 3.0mmolftg (LOml/kg 
microcmulsion), die bioavaOabUity was 8.8 ± 2.4% (n=5). In compmison, die 
bioavailability of die same compound administered as an isotonic Ite buffer was 
only 1.3 ±0J%(n=6). 
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Whea qipUctfalc; the fannnlations of the picmt invention ait tested for in vivo 

acthrhy. As one of the active ingredienn utilized herein is a fibrinogen receptor 

a n tt gnii i n a platelet aggregation assay is employed to determine pharmacological 

acQvityoftfaepepdde fiPommicroemulsions. Tliese studies are carried out as shown 
below. 

Oral DOiriny in Dn^tmnf^],^ ^ggrerarinn AjtMv ; 

Dogs used in dus assay are male Mongrels (i.c from mixed breeds). The 
dog(s) are fiutedovermgfat the day before the experiment The ccphaUc vein of 
choice is prepared for die indwelling catheter in the following way: die area is first 
shaved and cleaned widi a ganze soaked in 70% alcohol An indwelling cadieter is 
placed in diccaphalic vein a n d a n ac h cd to a hier lock adapter filled with 3.8% sodium 
dtiate. The cadwer is securely taped down. When a blood sample is widxtawn, a 
0 J ml of blood is wididrawn into a separate 1 cc syringe befiro die actual sample so 
diatdihidoa of die bkx)d sample from dte sodium dtrate contained in die luer k>ck 
adapter is avrnded. Then 2.7 ml of blood are drawn in a 3 cc syringe and placed in a 
Venpject vacuum tube containing 03 ml of 3.R% sodium citrate and labeUed widi die 
appropriate dme poinL The tube containing die blood sample in 3.8% sodium citrate 
is gcndy inverted 6w times to mix components and dien 1 mlis wididrawnfordie 
whole blood aggregadon assay. The rest of die blood sample is transferred id an 
cppcndrofif tube and upon centrifugadon die supernatant plasma is removed and 
transferred to a new tube which wis dien faaen for subsequent HFLC analysis to 
detennitte peptide oontem. 

Just after the ssero time point blood sample is withdrawn, an qipropriate dose 
of microemulsion widi or without peptide is administertd orally to die dog using a 
size 12 gelatin cqssule. 

The blood samples are then assayed for platelet aggregadon inhibition using 
die Chromo-Log whole blood aggregometer. The instrument is warmed to 37*0 
before samples are run and die probe is cleaned widi disdiled water and a soft brush. 
The probe is attached to die aggregometer and placed in a cuvette of saline soludon 
and warmed hi a side cnvenewellln die aggregometer. Fordieaoualassay, I mlof 
die 2.7 ml of blood sample mixed widi die 0.3 ml 3.8% sodium dtraie contained in 
die Venojea vacuum tube is added to a cuvette and placed in die aggtegometer wd 
A sdrbarisplacedindiecuveneandsetat900rpm. The probe is placed firmly into 
die test cuvette and die lid is shut. Baselines, zero and calibration are set C^libradon 
is set equal to 20 8 5 ohms. The sdrring cuvette is permitted to setde for five minutes 
at which point 5 ^1 of collagen is added to die whole blood dua is bdng suried 
yield u> a 5 MAnl final soludon in the cuvette. 
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Tbe reaction is monitored far two minutes once the slope change reaches the 
ta Tfy«^ of the collagen addition, calculating the change in dmis per minute using the 
8lq)eof thetwominufes. The change in ohms per minute is calculated as a % of the 
centred The control value is detennined by the avenge of die *15 and die 0 time 
5 points. After each use the pcobe is removed and cleaned with distilled water and 
wq)ed widi a soft dodi and brush. 

Discussion and Cpncluskm: 

A dog is tonsidered a good modd to assess the phannacological effect of one 
10 class of pqiddes of interest herein, the RGD containing fibfinogen receptor 

amagonists. Experi i nents are conducted as described above, with a peptide dose of 3 
m^gormicroemnlsion dose of ml/kg. Connol ejqieriments where die pqidde is 
^venmlly in a saline solution are independently carried out earlier and serve as a 
useful comparison to the effects seen widi die microemulsion*farmolated peptide. 

15 

As one of die active ingredientt utilized herein is a Giowdi Honnone Releasing 
Peptide the appropriate assay for hi vivo activity is determined as shown below. 

In Vivn Testiny of GHRP-Cpntahring Microemulrion: 
20 A microemnlsion widi a composition (wAv) in accoidance with the Examples 

ilhisaratBd above b made. Upon inqiaration, it is further stated in a stabb form at 
ambient temperature for app io xim ately 48 hxs before die in mO cvahiation. A 
control sohnion of a CHRP peptide, His-D-Trp-Ala-Trp-D-Phe-Lys-NH^. in saline at 
IS mgtel is also prepared. 

25 

Dodng is done by sin^ intraduodenal admimsnation of CHRP at 3 mg/kg in 
mate xats in salitie solution (comn»l) arid in the aforementioned micniemids^ 
3iatsineachcase. Mor to acmal sampling and dosing, each lat is anesdietszed widi 
P e n to b ar bi tol at 50 mg/l^ip,dihned widi saline to a final volume of I mL Thenus 

30 stay anesdietized for die entire esqpetiment Dosing is achieved in die following way: 
a small incision 2-3 cm long is made on the abdominal midline, and then a purse- 
string suture is placed on the duodenal musde. A small hole is made in the center of 
the porse-sttiiig suture in ii^dch a blnm 23 O stub iieedte attached to a tuberculin 
syringe is inserted to deliver the dose. Upon completion of dosing, the purse-sning is 

35 tied to dose the q)etttng. The incision is closed with wound dtps. AOilinlblood 
sample is obtafaied via jugular catheter at the following intervals: -15, Q, S, 10, 15, 30, 
45, 60, 90, and 120 mimitBS. Blood samples are stared <m ice and subsequendy 
analyzed for Growdi Hormone by an RIA method. 
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Anilysb of Che tampics generated fnnn ihc cxpc^ 
tohavedettnoinedtfaephannacdogicalacdvityofGH^ Po^tiy^ ^ jj^^jH^^ 
that Growth Honnone Releasing P^mde is orally active from the microemulsion 
5 fomnlation of the present invention. However, blood levels and actual 
bioavailability need to be contlated to observed phannacological activity. 

The amount of active ingredient required for therapeutic systemic administradon will, 
of coarse, vary with the a)ropoand chosen, the nature and severity of the cowlW 
10 and the mammal, indudingiiumans, undergoing treatment, and is uldmately at die 
discredon of the physician. 

Ultimately, die present invention also includes a roeduxl of treatment which 
comprises administering an effective amount of a pharmaceutical composition as 
15 defined herein to a paticm in need dweof. Preferably, die tiiereapeutic agent is 
selected from fibrinogen receptor antagonist peptide, Gniwdi Hormone Releasing 
Peptide, vasopressin, elcatonin, calcitonin, calcitonin-gene releated peptide, paicine 
somatostatin, or insulin. The disease states and uses of each of die aforementiimcd 
thcreapeutic agents is weU known to tfKKe sidlled in die an and for a nu^ 
agents alerady cross referenced to dieir respective patents. For instance, use as 
platelet aggregation inhibitors, growdi promoters, for osteoporosis, and diabetes. 
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The above description fuUy discloses die invention induding preferred embodiments 
diereof. Modifications and improvements of die embodiments specifically disclosed 

25 herein are widun die scope of die following claims. Widioni ftirdier elaboranoa it is 
believed diat one skiUed in die an can, using die preceding description, utilize die 
preaem invention to its fullest extent TTiereforc die Examples herein are © be 
construed as merely iilusffative and not a limitation of die scope of die present 
invention in any way. The embodiments of die invention in which an exclusive 

30 property or privilege is claimed are defined as follows. 



What WD dum is: 

1. A pharmaceodctl oomposidon comprising: 

(a) a UpopfaiHc phase having and! which IS t medium- or a io^ 

5 trigiycehde or a mixmxt thereof and a low HLB surfactant which is a medium- or 
a long-chain fmy acyl mono- and/or diglycchde, a sorbitan k>ng<hain toy add 
ester or a mixnire thereof, such dm the lipophilic phase comprises a mixture of 
medium- and long-chain fatty acyl rootedes : 

(b) a high HLB surfactant; 

10 (c) an aqueous hydrophiitc phase; aiKl 
(d) awater-solnbiedierapeudcagem; 

which on admixing form a stable, self-emulsifying, water-in-oil (w/o) microemulsion 
which is liquid or a gd at room temperaoiic. 

15 2. The composidon according to Qaim 1 in which the lipophilic phase comprises 
(i) amixmreof a niedium-chain fatty acyl triglyceride and a low HLB surfactant 
having a long-chain fetiy acyl moiety; or 

fu) a long-chain fatty acyl triglyceride and a low HLB sur£u»it having a medu^ 
chain fiuty acyl moiety ; or 

20 (ia) a mixture of a kmg-chain and a inedium-chain fatty acyl triglyceride and a 
medium-chain tmy acyl mono- arxt/br diglyceride. 

3. composition according to Claim 1 in which the niedium-chain has ftora 8 » 
12 carbon atoms and the long-chain from 14 to 18 carbon atoms. 

25 

4. Hie onnposidon according to daun 1 in which dw high HLB surfactant is a 
non-ionic high HLB surfa cu mt 

5. The composidon according to Qalm 1 in which therapeutic agent is peptide. 

30 

6. The composition according to Qaim 1 in which the peptide has a molecular 
wdght of from 100 to 6,00a 

7. TTie oomposidon according to Qaim 5 in which the peptide has from 2 to 35 
35 amino add moieties. 

8. The composidon according to Oaun 1 in which therapeutic agent is a 
fibrinogen receptor aiuagonist, a growth hormone releasing pqnide. insulin. 
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fifriiniiuiy elctioain* c idci uwi la-genc rcUtcd peptide And porciiie somitotmin ts weli 
as aiuiogs and honalogs ibaeof, 

9. The compositioa accardiog to Qaim 1 in which the rano of medium- to long- 
chain components is from about 9:1 to 1:1. 

IQ; Ihe composition according to Qaim 9 in which the nno of medium- to long- 
chain components is from about 1:1 to 8:2. 

1 1. The composition accofding to Qaim 1 in which radoof tety acyl triglyceride to 
low HLB snrfactant is in the range of 5: 1 to IJ: 1 . 

12. The composition according to Qaim 1 in which the lipoj^iilic phase comprises 
from 10-90%» the high HLB snifactant from 5 to 75% and the hydrophilic phase less 
than 40%(w/w) of the microemulsion and the rado of fatty acyl triglyceride to low 
HLB soriactam is between 4:1 and 2:1. 

13. The oompositicm according to Qaim 1 in which the reladve proportions of the 
varioiis components lie within the regions (AX (B) and (Q of a pseudo-ternary phase 
diagram in any one of Fig. 2 to 8. 

14. The composition according to Qaim i adapted for oral delivery or topical 
^pplWrflTion. 

15. Use of a pharmaceutical oomposidon as defined in Qaim 1 in the manufacture 
of a medicament wherein the therapeutic agent is a fibrinogen r ece p tor antagonist, a 
growth hormone releasing peptide, insulin, calcitonin, elcatonin, caldtonin-gene 
related peptide and porcine somatostatin as well as analogs and horoolQgs thereof. 

16. A co mp os it ion comprising (a) a hpophtltc phase having an oil which is a fatty 
acyl triglyceride and a low HLB surfactant which is a fatty acyi monoglyoeride, a 
fatty acyl diglyoeride, a sorfaitan fatty acyl ester or a mixoire thereof, in whic^ 

fatty acyl moieties are a mixture of medium and tong chain fatty acyl mcneties; (b) a 
high HLB surfiutam; and (c) an aqueous hydrophilic phase in which each of (a), (b) 

and (c) are as defined in any one of claims I to 12 and which on admixing form a 

» 

stable, self-emulsifying water-in-oil (w^) microemulsicm which is liquid at room 
temperature. 



.28- 



PCT/USW/0m3 



17. TbeoompofitknacoacdingtDCUini 16 which further piovides far onl 
baoavailaMHiy enfaanocmeiit of a tfaenpeudc agent in a mazninaL 

18. A process far piDdocdoo of a phaimaoeutical composition which process 
5 comprises! 

(i) admixing 

(a) a Iqxiphilic phase having an oil uiiich is a fatty acyl triglycoide anda low 
HU sorfictam which is a fatty acyl moix>glyoeride, a fatty acyl diglyc^^ 
sortntan fiuty wcyi ester or a mixture thereof* in which the fatty acyl imaedes are a 

10 mixture of medimn and long chain futy acy) moieties; 

(b) a high HLB surfactant; and 

(c) an aqueous hydrophilic phase; 

09 faiming a stable, self-emulsifying watcr-in-ofl (w/o) microemulsion which is 
liquid at room temperature. 
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